
U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 1812.9 

SU6J: SYSTEM REQUIREMENTS STATEMENT FOR THE TERMINAL DOPPLER WEATHER RADAR SYSTEM 

1. PURPOSE. This order establishes the requirements for Terminal Doppler Weather 
Radar (TDWR) and is consistent with the National Airspace System (NAS) Plan 
Project 7-08. 

2. DISTRIBUTION. This order is distributed to the director level in the Offices 
of Airport Planning and Programming, Airport Standards, Aviation Policy and Plans, 
Budget, and Personnel and Technical Training; to the branch level in the Advanced 
Automation Program Office, Office of Flight Standards, Air Traffic Operations 
Service, Air Traffic Plans and ~equirements Service, Program Engineering and 
Maintenance Service, Systems Engineering Service, and Acquisition and Hateriel 
Service; to the branch level at the FAA Technical Center and the FAA Depot at the 
Aeronautical Center; and to the branch level in the regional Airway Facilities, 
Logistics, Air Traffic, and Flight Standards Divisions. 

3 .  BACKGROUND. Although the current NAS weather sensing programs addresi most of 
the FAA's weather requirements, there are hazardous weather conditions that will 
continue to go undetected in the terminal environment. The most significant of 
these are low altitude wind shears due to gust fronts and microbursts. 

a. Low Level Wind Shear Alert System (LLWAS). Currently, the only operational 
ground-based wind shear hazard detection system in use by the FAA is the LLWAS. 
This system was originally designed to detect thunderstorm gust fronts and frontal 
types of wind shear. In more recent years, analysis of aircraft accidents has 
shown microbursts to be an additional threat to aviation safety. Although LLWAS 
will be improved by adding additional sensors, optimizing the array of sensors for 
the detection of microbursts, and improving the detection algorithm, it will not 
be capable of detecting all the weather phenomena available using Doppler 
techniques and will not be predictive in nature. 

b. Doppler Radar Technology. Recent advances in Doppler radar technology and 
algorithms for identifying and characterizing wind shear have demonstrated the po- 
tential usefulness of Doppler radar as the basis for a wind shear detection system. 
The availability of Doppler radar in the terminal area can also provide more 
advanced warning information on wind shifts affecting airport operation. 

4. DEFINITIONS. The definitions for terms used in this order are shown in 
appendix 1. 

5. MISSION NEED. 

a. Requirements Statement. The primary purpose of the TDWR is to meet require- 
ments for timely and accurate detection of hazardous wind shear in and near 
terminal approach and departure corridors and report this information to pilots 

Distribution: A-W(PP/AS/PO/BU/PT)-1; A-w(AP/FS /TO/TR/PM/ES/LG)-3; ln~tiated By: AES-200 
A-ZY(DE)-3; A-x(AF/LG/AT/FS)-3 



and local controllers. A secondary requirement to be addressed by the TDWII. i s  & c  
provide warning of sustained wind shifts and hazardous weather, including 
turbulence, to air traffic control (ATC) supervisory personnel to allow for 
improved planning of airport operation. 

b. This document defines operational requirements for the TDWR equipment 
during its life cycle. The currently defined TDWR Program will have an 
operational capability that will include the primary safety and delay benefits 
products; i.e., microburst and gust-front detection and wind-shift forecast. The 
initial operational capability will not include turbulence products. The TDWR 
will provide for growth and flexibility to support the full operational 
requirements as technology and funding permit. 

c. Functional Capabilities. The TDWR system must have the following 
capabilities and characteristics: 

(1) Operation. TDWR will be an automated system consisting of sensor, 
communication, processing, and display components. The TDWR sensor component 
will have the functional capabilities described in subparagraphs (2) thru (6). - - 
Research may show that better wind shear products will-result if LLWAS data is 
merged into TDWR data. To allow for this possibility, the TDWR will accept LLWAS 
data for processing and display. 

(a) TDWR (not including LLWAS) reliability, availability, and ' 
maintenance requirements are as follows: 

1. Reliability. System Mean Time Between Failure (MTBF) must 
not be less than 2 2 6 0  hours (90 days). 

2. Availability. TDWR must have an operational availability - 
of at least 0.999. 

3. Maintenance. TDWR must provide for both local and remote 
maintenance and moTitoring as follows : 

(aa) Capability to perform online diagnostics, line 
replaceable unit (LRu) replacement, and LRU testing without impairing online 
radar operations. 

(bb) Full compatibility with the NAS Remote Maintenance 
Monitoring System (RMMS) as specified in NAS-MD-790, NAS-MD-792, and NAS-MD-793. 

(cc) Maximum annual maintenance man-hours must not exceed 
120 hours (combined corrective and preventive maintenance). 

(dd) Online performance monitoring diagnostics and off- 
line fault isolation diagnostics controlled through the RMMS. Offline fault 
isolation must be provided down to the LRU with a confidence of 0.95. 

(2) Event Characterization. The TDWR sensor component must automatically 
detect wind shear, turbulence, tornadoes, and sustained wind shifts. In this 
context, wind shear shall be defined as any change in the windspeed and/or direc- 
tion between two points in the atmosphere. 
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( a )  Thresholds .  The fo l lowing  t h r e s h o l d s  f o r  d e t e c t i o n  of wind 
s h e a r  and t u r b u l e n c e  s h a l l  apply:  

1. Wind Shear. The t h r e s h o l d  f o r  r e p o r t i n g  of wind s h e a r  
s h a l l  b e  a  h o r i z o n t a l  windspeed change o r i e n t e d  i n  t h e  d i r e c t i o n  of t h e  runway 
c e n t e r l i n e  t h a t  exceeds  t h e  r a t e  of change of speed of 20 kno t s  p e r  n a u t i c a l  
m i l e  (nmi ) ,  e x t e n d i n g  over  112 t o  4  nmi. 

2. Turbulence. The t h r e s h o l d  f o r  r e p o r t i n g  of t u r b u l e n c e  
s h a l l  be  t h e  "modeTate" i n t e n s i t y  l e v e l  a s  de f ined  i n  t h e  Na t iona l  Weather 
S e r v i c e  Opera t ions  Manual, Chapter D-22. 

( b )  I n t e n s i t y .  TDWR must provide  a  q u a n t i t a t i v e  e s t i m a t e  of 
expected change i n  t h e  component of t h e  wind v e c t o r  o r i e n t e d  a long t h e  runway 
c e n t e r l i n e ,  a s  w e l l  a s  t h e - d i s t a n c e  over  which t h i s  change w i l l  occur .  I n  addi-  
t i o n ,  TDWR must p rov ide  an  e s t i m a t e  of expected t u r b u l e n c e  i n t e n s i t y  i n  t h r e e  
c a t e g o r i e s :  moderate ,  s e v e r e ,  and ext reme,  a s  d e f i n e d  i n  t h e  Na t iona l  Weather 
Se rv ice  Opera t ions  Manual, Chapter D-22. 

( c )  Loca t ion .  The l o c a t i o n  of  hazardous wind s h e a r  o r  tu rbu lence  
w i t h i n  t h e  t e r m i n a l  a r e a  must be  g iven i n  terms of p o s i t i o n  a long t h e  runway o r  
d i s t a n c e  from t h e  runway and i t s  e x t e n s i o n  a long t h e  f l i g h t p a t h .  

( d )  Trend. TDWR must i n d i c a t e  whether t h e  wind s h e a r  o r  tu rbu lence  
phenomenon i s  s t a b l e ,  i n c r e a s i n g ,  o r  dec reas ing  i n  i n t e n s i t y .  

( 3 )  Coverage. The TDWR sensor  component must provide  hazardous wind 
s h e a r ,  m i c r o b u r s t ,  and tu rbu lence  d e t e c t i o n  coverage f o r  approaching and depar t -  
ing  a i r c r a f t  up t o  a n  a l t i t u d e  of 1,500 f e e t  above ground l e v e l  (AGL) and t o  a  
d i s t a n c e  of 6 nmi from t h e  a i r p o r t  r e f e r e n c e  p o i n t .  Wind-shift d e t e c t i o n  and 
tornado d e t e c t i o n  must cover  a l l  a r e a s  w i t h i n  40 nmi of  t h e  a i r p o r t  r e f e r e n c e  
po in t .  

( 4 )  Accuracy. The p r o b a b i l i t y  of d e t e c t i n g  a  r e p o r t a b l e  wind s h e a r  o r  
tu rbu lence  e v e n t ,  when one e x i s t s  w i t h i n  t h e  coverage a r e a ,  must be a t  l e a s t  0.90. 
The p r o b a b i l i t y  of  r e p o r t i n g  a  r e p o r t a b l e  wind s h e a r  o r  tu rbu lence  even t  when one 
does n o t  e x i s t  w i t h i n  t h e  coverage a r e a  must be  no g r e a t e r  than  0.10. TDWR must 
r e p o r t  t h e  l o c a t i o n  and e x t e n t  of r e p o r t a b l e  wind s h e a r  and tu rbu lence  e v e n t s  t o  
an  accuracy of  0.5 nmi. The i n t e n s i t y  of  r e p o r t a b l e  wind s h e a r  e v e n t s  must be 
r e p o r t e d  a t  l e a s t  95 pe rcen t  of t h e  t ime t o  an  accuracy of p l u s  o r  minus (+) 
5  kno t s  o r  20 p e r c e n t ,  whichever i s  h igher .  The i n t e n s i t y  of r e p o r t a b l e  
t u r b u l e n c e  e v e n t s  must be  r e p o r t e d  wi th  an  accuracy e q u i v a l e n t  t o  a  de r ived  
gus t  v e l o c i t y  of  5  feet-per-second. (Der ived g u s t  v e l o c i t y  i s  d e f i n e d  i n  
accordance w i t h  FAR P a r t  23,  paragraph 23.341, Gust Load F a c t o r s ,  o r  FAR P a r t  25,  
paragraph 25.341 Gust Fac to r s . )  Sus ta ined  wind- ih i f t  d i r e c t i o n  must be measured 
t o  an accuracy of + 10 degrees.  

( 5 )  T imel iness .  Radar scanning,  product g e n e r a t i o n ,  and product dissemi- 
n a t i o n  f o r  wind s h e a r  e v e n t s  r e l a y e d  t o  p i l o t s  must be performed w i t h i n  s u f f i c i e n t  
t ime t o  a l low p i l o t s  t o  r e c e i v e  a t  l e a s t  a  1-minute warning p r i o r  t o  t h e  e x i s t e ~ c e  
of  any hazardous wind shear  o r  tu rbu lence  c o n d i t i o n .  Radar scann ing ,  product 
g e n e r a t i o n ,  and product  d i s semina t ion  f o r  g u s t - f r o n t  and wind-shi f t  e v e n t s  
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re layed  t o  ATC s u p e r v i s o r y  personnel  must provide  a t  l e a s t  20 minutes  advanced 
warning of  p o t e n t i a l  approaching e v e n t s  and must be updated a t  i n t e r v a l s  of  no 
more than  5 minutes .  

( 6 )  Radar C h a r a c t e r i s t i c s .  The r a d a r  components of TDWR must have t h e  
fo l lowing  c h a r a c t e r i s t i c s :  

( a )  Opera t ion  over  a  frequency range of  5.6 t o  5.65 GHz'. 

( b )  Loca l  and remote o p e r a t i o n a l  c o n t r o l .  

( c )  I n t e r f e r e n c e  r e d u c t i o n  c a p a b i l i t i e s  i n c l u d i n g  r e j e c t i o n  and 
avoidance.  Avoidance c a p a b i l i t i e s  inc lude  s e c t o r  r a d i a t i o n  c o n t r o l .  

( d )  The r a d a r  must meet t h e  s t a t e d  d e t e c t i o n  and f a l s e  alarm proba- 
b i l i t y  requirements  f o r  wind shear  and tu rbu lence  e v e n t s  of  r e f l e c t i v i t y  a s  low 
a s  -8 dB2 a t  a  range of  6  nmi from t h e  a i r p o r t  r e f e r e n c e  po in t .  

( e )  The r a d a r  must meet t h e  s t a t e d  d e t e c t i o n  and f a l s e  a larm proba- 
b i l i t y  requirements  f o r  wind shear  o r  tu rbu lence  e v e n t s  w i t h i n  t h e  coverage a r e a  
i n  an  urban ground c l u t t e r  environment. 

( f )  The v e l o c i t y  p rocessor  must a u t o m a t i c a l l y  unfold  ambiguous 
v e l o c i t i e s .  

( g )  The r a d a r  must a u t o m a t i c a l l y  minimize o b s c u r a t i o n  from m u l t i p l e  
t r i p  echoes. I f  o b s c u r a t i o n  cannot be complete ly  e l i m i n a t e d ,  p r i o r i t y  s h a l l  be 
g iven t o  t h e  a r e a  o v e r  t h e  a i r p o r t  and on t h e  approach pa ths .  

( 7 )  System Outputs.  The system must produce s e v e r a l  types  of o u t p u t s ,  
i n c l u d i n g  a  s imple  t e x t  message f o r  a p p r o p r i a t e  c o n t r o l l e r s  and s u p e r v i s o r s  and 
f o r  p o t e n t i a l  d i r e c t  u p l i n k  t o  p i l o t s ,  i n d i c a t i n g  t h e  e x i s t e n c e ,  l o c a t i o n ,  and - 
c h a r a c t e r i s t i c s  of  r e p o r t a b l e  wind shear  o r  tu rbu lence  e v e n t s ;  a  g r a p h i c a l  s i t u a -  
t i o n  d i s p l a y  product  showing approaching wind-shi f t  and gus t - f ron t  in fo rmat ion  t o  
ATC superv i so ry  pe r sonne l ;  and a  g r a p h i c a l  d e p i c t i o n  of s h e a r ,  m i c r o b u r s t s ,  t u r -  
bu lence ,  and to rnadoes  t o  a r e a  c o n t r o l  computer complex (ACCC) and tower c o n t r o l  
computer complex (TCCC) f o r  d i s t r i b u t i o n  t o  a p p r o p r i a t e  c o n t r o l l e r s  and 
superv i so r s .  

( a )  Tex tua l  d i s p l a y  c h a r a c t e r i s t i c s  must inc lude :  

1. Automatic and unambiguous i n d i c a t i o n  of t h e  e x i s t e n c e  of 
r e p o r t a b l e  wind s h e a r  o r  tu rbu lence  wi th  no i n t e r p r e t a t i o n  requ i red .  

2 .  Audible and /o r  v i s u a l  a l e r t  t o  s i g n a l  a  t r a n s i t i o n  from a 
nonrepor tab le  t o  a r e p o r t a b l e  cond i t ion .  

3 .  Locat ion of t h e  wind shear  o r  tu rbu lence  even t  wi th  r e s p e c t  - 
t o  t h e  a p p r o p r i a t e  runway and approach. 

4. Ex ten t  of t h e  event  and i n d i c a t i o n  of the  t r end  i n  t h e  - 
wind shear  o r  t u r b u l e n c e  event  ( i n c r e a s i n g  o r  dec reas ing  i n  i n t e n s i t y ) .  
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5. Expected d e c r e a s e  i n  t r u e  a i r s p e e d  and d i s t a n c e  over  which 
speed l o s s  w i l l  occur  ( speeds  and d i s t a n c e s  t o .  be  g i v e n  i n  runway o r i e n t e d  
c o o r d i n a t e s ) .  

6. Output t o  be  i n  t h e  form of a  t e x t  message t h a t  can  be 
q u i c k l y  and e a s i l y r e a d  t o  p i l o t s .  

7. Output a l s o  amenable t o  automated d i r e c t  t r a n s m i s s i o n  t o  
a i r c r a f t  v i a  d i g i t z l  and /o r  computer-generated v o i c e  upl ink.  

( b )  The g r a p h i c a l  s i t u a t i o n  d i s p l a y  in fo rmat ion  f o r  ATC superv i so ry  
personnel  must inc lude :  

1. Graphic d i s p l a y  showing t h e  l o c a t i o n ,  i n t e n s i t y ,  and speed 
of movement of s u s t a i n e d  wind s h i f t s  and g u s t  f r o n t s  t h a t  w i l l  impact on a i r p o r t  
opera t ions .  

2. Text and numeric in fo rmat ion  showing es t ima ted  a r r i v a l  t ime 
of  wind s h i f t  a t  aTrpor t  l o c a t i o n .  

( c )  The g r a p h i c a l  s i t u a t i o n  d i s p l a y  in fo rmat ion  ( v i a  ACCC and TCCC) 
f o r  r e p o r t a b l e  wind s h e a r ,  t u r b u l e n c e ,  heavy p r e c i p i t a t i o n ,  and to rnado  e v e n t s  
must inc lude :  

1. The l o c a t i o n ,  i n t e n s i t y ,  and t r e n d  of r e p o r t a b l e  b i n d  s h e a r  
and mic roburs t  even t s .  

2. The l o c a t i o n  of tornadoes .  - 
(8)  I n t e r f a c e s .  TDWR w i l l  be  i n s t a l l e d  b e f o r e  many of  t h e  t e r m i n a l  a r e a  

components of t h e  NAS a r e  i n  p lace .  For t h i s  r eason ,  i t  must p rov ide  a  means of 
d i s p l a y i n g  alphanumeric d a t a  t o  c o n t r o l l e r s .  I n  a d d i t i o n ,  however, TDWR must be 
capable  of t r a n s i t i o n i n g  i n t o  t h e  next  g e n e r a t i o n  of t e r m i n a l  a r e a  systems; 
t h e r e f o r e ,  TDWR must provide  c o n t r o l l e d  d i g i t a l  d a t a  p o r t s  t o  i n t e r f a c e  wi th  t h e  
ACCC,  T C C C ,  RMMS, weather communications p r o c e s s o r s ,  and LLWAS a t  t h o s e  t e r m i n a l s  
where i t  i s  a v a i l a b l e .  The TDWR should a l s o  a l low f o r  p o s s i b l e  f u t u r e  
i n t e r f a c i n g  t o  a d d i t i o n a l  systems such a s  t h e  C e n t r a l  Weather P rocessor  (CWP). 

6. EXISTING AND PLANNED CAPABILITIES. 

a. E x i s t i n e  C a ~ a b i l i t i e s .  

( 1 )  LLWAS. The LLWAS i s  p r e s e n t l y  a  s i x - s t a t i o n  a r r a y  of windspeed and 
d i r e c t i o n  s e n s o r s  wi th  one s t a t i o n  l o c a t e d  a t  c e n t e r  f i e l d  on t h e  a i r p o r t  and t h e  
o t h e r  f i v e  s e n s o r s  nominally l o c a t e d  about 2  mi les  from t h e  c e n t e r  s i t e .  Loca- 
t i o n s  f o r  t h e  p e r i p h e r a l  sensors  a r e  s e l e c t e d  t o  provide  b e s t  coverage of runway 
c o r r i d o r s  w i t h  minimal i n t e r f e r e n c e  from surrounding wind o b s t r u c t i o n s .  The 
c e n t e r  f i e l d  s i t e  i s  cons ide red  a  r e f e r e n c e  s i t e  f o r  which a  2-minute running 
average of wind v e l o c i t y  i s  mainta ined.  The remote s i t e s  a r e  p o l l e d  a t  10-second 
i n t e r v a l s  by a  c e n t r a l  p rocessor  which compares t h e  wind v e l o c i t y  a t  each of t h e  
f i v e  p e r i p h e r a l  s i t e s  wi th  t h e  2-minute average wind v e l o c i t y  a t  c e n t e r  f i e l d .  
Whenever t h e  magnitude of t h e  v e c t o r  d i f f e r e n c e  between t h e  c e n t e r  f i e l d  average 
wind and one o r  more of t h e  p e r i p h e r a l  sensors  exceeds 15 k n o t s ,  v i s u a l  and 
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a u d i b l e  a l a rms  a r e  s i g n a l e d  t o  t h e  tower  c o n t r o l l e r .  The wind v e l o c i t i e s  a t  
c e n t e r  f i e l d  and a t  t h e  a l a r m i n g  s e n s o r [ s )  a r e  p r e s e n t e d  on t h e  tower  c o n t r o l l e r ' s  
d i s p l a y .  I t  i s  t h e  r e s p o n s i b i l i t y  of t h e  c o n t r o l l e r  t o  r e l a y  an  a p p r o p r i a t e  
warn ing  t o  a f f e c t e d  p i l o t s .  C o n t r o l l e r s  a r e  r e q u i r e d  t o  r e p o r t  windspeed and 
d i r e c t i o n  f o r  t h e  a v e r a g e d  c e n t e r  f i e l d  r e a d i n g  and t h e  remote  s t a t i o n ( s )  t h a t  
caused  t h e  a la rm.  

( 2 )  P i l o t  R e p o r t s  (PIREP). PIREP'S  i n c l u d e  i n f o r m a t i o n  on m e t e o r o l o g i c a l  
phenomena e n c o u n t e r e d  by a i r c r a f t  i n  f l i g h t .  They a r e  an impor t an t  s o u r c e  of  
i n f o r m a t i o n  f o r  b o t h  c o n t r o l l e r s  and p i l o t s  on immediate  weather  c o n d i t i o n s  a l o n g  
t h e  app roach  and d e p a r t u r e  c o r r i d o r s .  

b. P lanned  C a p a b i l i t i e s .  

: 1)  Enhancements  t o  LLWAS. 

( a )  Programs a r e  underway which w i l l :  

1. Improve s i t i n g  and r educe  s h e l t e r i n g  problems.  - 
2 .  Develop and a p p l y  a n  improved d e t e c t i o n  a l g o r i t h m .  - 
3.  Enhance main tenance  s u p p o r t .  - 
4 .  P r o v i d e  l i g h t n i n g  p r o t e c t i o n .  - 

5. P rov ide  r e c o r d i n g / a r c h i v i n g  c a p a b i l i t y .  - 
6. Expand p r o c e s s i n g  c a p a b i l i t i e s .  - 

( b )  A l l  o f  t h e s e  improvements a r e  d i r e c t e d  toward r e d u c i n g  t h e  
f a l s e  a l a r m  r a t e  of  LLWAS and r e s t o r i n g  u s e r  c o n f i d e n c e  i n  t h e  sys tem.  I n  addi -  
t i o n ,  a  program i s  underway t o  expand LLWAS s i t e s  t o  i n c l u d e  11 wind s e n s o r s .  
P o t e n t i a l  b e n e f i t s  of  an  1 1 - s t a t i o n  e x p a n s i o n  i n c l u d e  a l g o r i t h m  enhancements  t o  
p r o v i d e  runway-or ien ted  e s t i m a t e s  o f  a i r s p e e d  l o s s  and c r o s s w i n d ,  a s  w e l l  a s  
d i f f e r e n t i a t i o n  be tween m i c r o b u r s t  and g u s t - f r o n t  wind s h e a r s .  

( 2 )  Next G e n e r a t i o n  Doppler  Weather Radar (NEXRAD). The NEXRAD w i l l  con- 
s i s t  o f  a  long-range  w e a t h e r - d e t e c t i o n  r a d a r  and i t s  a s s o c i a t e d  p r o c e s s i n g  hard-  
ware and s o f t w a r e .  I t  i s  a  j o i n t  Un i t ed  S t a t e s  A i r  F o r c e ,  N a t i o n a l  Weather 
S e r v i c e  (NWS), and FAA program t h a t  i s  d e s i g n e d  t o  meet t h e  t h r e e  a g e n c i e s '  
wea the r  r a d a r  r e q u i r e m e n t s ,  p r i m a r i l y  f o r  upper  a l t i t u d e  coverage .  The NEXRAD 5- 
o r  6-minute u p d a t e  r a t e  i s  c o n s i d e r e d  t o  be  t o o  s low f o r  t i m e l y  d e t e c t i o n  of  
m i c r o b u r s t s ,  which c a n  r e a c h  a  r e p o r t a b l e  t h r e s h o l d  i n  l e s s  t i m e  t h a n  t h e  NEXRAD 
upda te  r a t e .  

( 3 )  A i r p o r t  S u r v e i l l a n c e  Radar N in th  G e n e r a t i o n  (AsR-9). The ASR-9 w i l l  
c o n s i s t  o f  a  s u r v e i l l a n c e  r a d a r  p r i m a r i l y  t a s k e d  t o  d e t e c t  a i r c r a f t  i n  an a i r p o r t  
a r e a .  There  w i l l  be  a  wea the r  c h a n n e l  t h a t  w i l l  d e t e c t  s i x  l e v e l s  o f  r e f l e c -  
t i v i t y .  The ASR-9 a s  p r e s e n t l y  des igned  w i l l  n o t  p r o v i d e  w i n d - r e l a t e d  d a t a .  

( 4 )  Termina l  NEXRAD. I n  o r d e r  t o  p r o v i d e  some wind s h e a r  d e t e c t i o n  capa-  
b i l i t y  a t  major  a i r p o r t s  a t  t h e  e a r l i e s t  p o s s i b l e  d a t e ,  p l a n s  have  been  made t o  
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i n s t a l l  16 o p e r a t i o n a l  NEXRAD systems,  modified f o r  use  i n  t e r m i n a l  a r e a s ,  a s  
i n t e r i m  TDWR Systems. Modi f i ca t ions  from NEXRAD i n c l u d e  changes t o  t h e  i n t e r n a l  
so f tware ,  a s  w e l l  a s  modified scanning s t r a t e g i e s .  

7. ASSESSMENT. 

a. S h o r t f a l l s  i n  E x i s t i n g  Capab i l i ty .  P r e s e n t  methods f o r  t h e  d e t e c t i o n  o f  
hazardous wind s h e a r  and t u r b u l e n c e  e v e n t s  a r e  l i m i t e d  p r i n c i p a l l y  t o  PIREP's and 
LLWAS. L i m i t a t i o n s  of t h e  c u r r e n t  PIREP System a r e  w e l l  known and need no t  be 
repea ted  he re .  I n  a d d i t i o n ,  p i l o t s  a r e  g e n e r a l l y  i n t e r e s t e d  i n  avo id ing  t h e s e  
e v e n t s  r a t h e r  t h a n  encoun te r ing  and r e p o r t i n g  them. Th i s  b i a s e s  t h e  PIREP. The 
LLWAS System was des igned p r i m a r i l y  t o  d e t e c t  l a r g e r  s c a l e  wind s h e a r  e v e n t s ,  such 
a s  gus t  f r o n t s ,  f r o n t a l  passages ,  and mesoscale wind s h i f t s  (e.g.,  s e a  b reeze ) .  
Many s m a l l e r  s c a l e  wind s h e a r  e v e n t s ,  such a s  mic roburs t s ,  cannot  be  adequate ly  
d e t e c t e d  by LLWAS due t o  t h e  spac ing  of LLWAS sensors .  No adequate  system f o r  
d e t e c t i n g  AGL wind s h e a r  e v e n t s  e x i s t s .  Enhancements t o  t h e  LLWAS a r e  planned t o  
expand 
system 

b. 
capab i  
e v e n t s  
of sma 

coverage and improve d e t e c t i o n  of s m a l l e r  s c a l e  events .  However, t h e  
w i l l  s t i l l  be  l i m i t e d  t o  ground-level  d e t e c t i o n .  

P r e d i c t i o n  Capab i l i ty .  Doppler r a d a r ,  such a s  TDWR, w i l l  have b e t t e r  
i t i e s  t h a n  t h e  LLWAS i n  bo th  s p a t i a l  coverage and r e s o l u t i o n  of  smal l  s c a l e  - 

T h i s  w i l l  p rovide  d e t e c t i o n  of e v e n t s  f a r t h e r  from t h e  a i r p o r t  and e v e n t s  
l e r  s i z e .  De tec t ion  w i l l  a l s o  be a v a i l a b l e  AGL i n  t h e  c r i t i c a l  approach 

and d e p a r t u r e  c o r r i d o r s .  Current  r e s e a r c h  r e s u l t s  i n d i c a t e  t h a t  a lgor i thms  may be 
developed t o  a l l o w  Doppler r a d a r  t o  d e t e c t  p r e c u r s o r s  of hazardous wind shear .  
The TDWR system a r c h i t e c t u r e  must not  preclude t h e  p o s s i b i l i t y  of expahsion t o  
inc lude  t h e  d e t e c t i o n  of wind s h e a r  and t u r b u l e n c e  p r e c u r s o r s ,  i f  methods f o r  
t h e i r  d e t e c t i o n  become o p e r a t i o n a l l y  f e a s i b l e .  

c. R e l a t i o n s h i p  t o  NEXRAD. The NEXRAD i s  a  j o i n t  FAA, Department of Defense, 
and NWS program. NEXRAD i s  c u r r e n t l y  being developed t o  use  Doppler r a d a r  tech-  
no log ies  t o  d e t e c t  r a d i a l  v e l o c i t y  of weather phenomena. While NEXRAD has  Doppler 
r a d a r  technology s i m i l a r  t o  t h a t  necessary  f o r  implementing a  wind shear/micro- 
b u r s t  wea the r -de tec t ion  system, NEXRAD does n o t  meet a l l  requirements  considered 
important  f o r  a  t e r m i n a l  weather coverage system. 

( 1 )  The fol lowing s h o r t f a l l s  keep t h e  NEXRAD system from f u l l y  meeting 
t h e  t e r m i n a l  a r e a  requirements :  

( a )  The NEXRAD system has  a  slower update r a t e  than  t h a t  needed t o  
d e t e c t  mic roburs t s  and wind s h e a r  i n  a  t ime ly  fashion.  

( b )  The NEXRAD network cannot s imul taneously  meet t h e  long-range 
full-volume wea the r -de tec t ion  requirements  of t h e  t h r e e  sponsor ing agenc ies  whi le  
meeting FAA needs f o r  r a p i d  update coverage of low-a l t i tude  phenomena a t  major 
a i r p o r t s .  Frequency conges t ion  a t  S-band w i l l  n o t  permit  t h e  permanent i n s t a l l a -  
t i o n  of a d d i t i o n a l  NEXRAD u n i t s  f o r  a i r p o r t  coverage i n  many a r e a s  of t h e  United 
S t a t e s .  However, t h e  t e r m i n a l  NEXRAD u n i t s  t h a t  t h e  FAA p l a n s  t o  i n s t a l l  can be  
accommodated on a  temporary b a s i s .  
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d. T e c h n o l o g i c a l  o p p o r t u n i t y .  The o p p o r t u n i t y  e x i s t s  f o r  mee t ing  t h e  m i s s i o n  
need  t h r o u g h  t h e  a p p l i c a t i o n  of e x i s t i n g  Doppler  r a d a r  t e c h n o l o g i e s .  I n  a d d i -  
t i o n ,  e x t e n s i v e  work h a s  been  done on d e v e l o p i n g  and improving  computer  a l g o r i t h m s  
f o r  r e a l - t i m e  d e t e c t i o n  and c h a r a c t e r i z a t i o n  of wind s h e a r  v i a  Doppler  r a d a r .  

e .  Obso l e scence  o f  E x i s t i n g  Approach. The LLWAS s y s t e m  was d e s i g n e d  o r i g i -  
n a l l y  a t  a  t ime  when g u s t  f r o n t s  were c o n s i d e r e d  t o  b e  t h e  pr imary  low a l t i t u d e  
wind h a z a r d  t o  a i r c r a f t ;  a s  a  r e s u l t  LLWAS i s  o p t i m i z e d  f o r  t h e  d e t e c t i o n  of  g u s t  
f r o n t s .  I n  r e c e n t  y e a r s ,  i t  h a s  become a p p a r e n t  t h a t  m i c r o b u r s t s  a r e  t h e  more 
h a z a r d o u s  t y p e  of  wind s h e a r .  Improvements t o  LLWAS pe r fo rmance  a r e  p o s s i b l e  
t h r o u g h  s o f t w a r e  enhancements  and a n  i n c r e a s e d  number of  s e n s o r s .  

f .  O p p o r t u n i t y  f o r  Cos t  Sav ings .  The p r imary  c o s t  s a v i n g s  a t t r i b u t a b l e  t o  
TDWR a r e  e x p e c t e d  t o  be  from s a f e t y  improvements.  S a f e r  h a n d l i n g  of  h a z a r d o u s  
wea the r  c o n d i t i o n s  i n  t h e  t e r m i n a l  a r e a  c o u l d  r e s u l t  i n  a  r e d u c t i o n  i n  t h e  number 
of a i r c r a f t  a c c i d e n t s ,  w i t h  a n  a s s o c i a t e d  r e d u c t i o n  i n  l o s s  of  l i f e  and p r o p e r t y .  
I r  a d d i t i o n ,  t h e  p r e p l a n n i n g  f o r  o r d e r l y  runway changes  w i l l  a l l o w  f o r  reduced  
d e l a y s  and t h e r e f o r e  l e s s  f u e l  consumpt ion  and more e f f i c i e n t  a i r p o r t  u t i l i z a t i o n .  

g.  P o t e n t i a l  Impact  on Human Resources .  The TDWR P r o j e c t  i s  a  p a r t  o f  t h e  
c o n t i n u i n g  FA4 e f f o r t  t o  improve t h e  w e a t h e r  i n f o r m a t i o n  a t  a i r p o r t s  by u s i n g  
s e n s i n g  d e v i c e s  w i t h  g r e a t e r  sys tem r e l i a b i l i t y  and r educed  o p e r a t i n g  c o s t s .  The 
p o t e n t i a l  impac t  on human r e s o u r c e s  i s  a s  f o l l o w s :  

( 1 )  A i r  T r a f f i c  C o n t r o l l e r s .  The impact  t o  t h e  o p e r a t i n g  a i r  t r a f f i c  
c o n t r o l l e r s  w i l l  b e  min ima l ,  s i n c e  t h e  TDWR w i l l  b e  c o m p l e t e l y  a u t o m a t i c .  T r a i n -  
i n g  r e q u i r e m e n t s  f o r  c o n t r o l l e r s  w i l l  b e  minimal  s i n c e  t h e  TDWR System o u t p u t s  
w i l l  n o t  r e q u i r e  i n t e r p r e t a t i o n ,  and t h e  format  f o r  any messages  d i s p l a y e d  by t h e  
s y s t e m  w i l l  b e  t h e  same a s  t h a t  f o r  messages vo i ced  by c o n t r o l l e r s  t o  p i l o t s .  

( 2 )  Airway F a c i l i t i e s  Main tenance  S t a f f .  The re  w i l l  n o t  b e  a  s i g n i f i -  
c a n t  impact  t o  t h e  Airway F a c i l i t i e s  ma in t enance  s t a f f ,  s i n c e  t h e  TDWR w i l l  b e  a  
h i g h l y  r e l i a b l e  s y s t e m  w i t h  b u i l t - i n  t e s t  a t  an  unmanned f a c i l i t y .  A  s m a l l  
i n c r e a s e  i n  Airway F a c i l i t i e s  ma in t enance  s t a f f s  w i l l  b e  r e q u i r e d  f o r  p e r i o d i c  
and c o r r e c t i v e  ma in t enance .  S i n c e  LIMS w i l l  r e p o r t  on any TDWR System f a i l u r e s ,  
o n - c a l l  ma in t enance  s t a f f  i s  o n l y  needed t o  r e p l a c e  t h e  r e p o r t e d  LRU. 

( 3 )  T r a i n i n g .  T r a i n i n g  w i l l  b e  accompl i shed  f o r  t h e  ma in t enance  t e c h -  
n i c i a n  i n  a c c o r d a n c e  w i t h  c u r r e n t  p r a c t i c e s  and w i l l  b e  d e t a i l e d  a s  p a r t  o f  t h e  
p r o j e c t  i m p l e m e n t a t i o n  p l a n .  T r a i n i n g  w i l l  b e  p l anned  t o  minimize impact  on 
o p e r a t i o n s .  

h. Budgetary  Impact .  The budget  impac t  w i l l  b e  a n  e s t i m a t e d  $550 m i l l i o n  
( i n f l a t e d  1986 d o l l a r s )  f o r  100 o p e r a t i o n a l  and two s u p p o r t  sys tems .  Funding 
w i l l  b e  s e c u r e d  t h r o u g h  normal  b u d g e t a r y  p rocedu re s .  The e s t i m a t e d  l i f e - c y c l e  
c o s t s  a r e  $1,325 m i l l i o n  ( i n f l a t e d  1986 d o l l a r s ) .  The s o u r c e  of  t h e s e  c o s t  d a t a  
i s  t h e  "Li fe -Cycle  C o s t - B e n e f i t  A n a l y s i s  f o r  Te rmina l  Doppler  Weather Radar 
(TDWR) P r o j e c t  ," Appendix E ,  d a t e d  A p r i l  1987. 

i. Human F a c t o r s  E n g i n e e r i n g .  The p r o j e c t  o f f i c e  w i l l  e n s u r e  t h a t  human f ac -  
t o r s  c o n s i d e r a t i o n s ,  s u c h  a s  e a s e  of  m a i n t e n a n c e ,  o c c u p a t i o n a l  s a f e t y  and h e a l t h ,  
ergonomic d e s i g n ,  u s e r  f r i e n d l y  s o f t w a r e ,  e t c . ,  a r e  p a r t  o f  t h e  procurement  pack- 
age  and s p e c i f i c a t i o n  and a r e  g i v e n  h i g h  v i s i b i l i t y  and a t t e n t i o n  t h r o u g h o u t  t h e  
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development and implementation phases of the project. In addition, the Advanced 
Automation System contractor will be responsible for the "ergonomic design" for 
the output data to be displayed to the tower and area control facility personnel. 

8. ESTIMATED COSTS AND BENEFITS. 

a. General Cost and Benefit. Based on the costlbenefit study, the current 
estimated acquisition cost per system is approximately $5.5 million. 

b. Costl~enefit Analysis Alternatives. The following alternatives to meeting 
the mission need were used in performing the costlbenefit analysis for the TDWR: 

(1) NEXRAD Derivative. Requirements for the NEXRAD were modified to meet 
the requirements of a terminal radar. This option was deleted because of the 
requirement for competitive procurement. 

(2) Newly Developed System. ~e~uirement's would be developed for a radar 
system which could detect rapidly evolving hazardous weather phenomena within a 
terminal area. 

(3) Modified Coinmercial Off-the-shelf System. Although Commercial Off- 
the-Shelf Systems (COTS) for Doppler weather radar are available, they do not 
meet the TDWR requirements. 

c. Cost Benefit Ar-alysis Results Summary. The following table is: a summary 
of the TDWR costlbenefit figures developed by the System Engineering and Integra- 
tion (SEI) contractor. (values are in discounted 1986 millions of dollars and 
are based on 102 units installed, 100 operational and 2 support systems). 

TABLE 1. Cost Benefit Analvsis Results Summarv for 102 Svstems 

Estimated Discounted Life-Cycle Cost $339.0 
Estimated Minimum Discounted Life-Cycle Benefit 339.0 

d. Potential Benefits. The primary benefit that the TDWR Project will pro- 
vide to users is improved detection of short-lived hazardous-weather phenomena. 
Additional benefits will be reduced user delays and associated reductions in 
aircraft fuel consumpticn due to the availability of improved wind shift and 
hazardous-weather information for airport operations planning. 

9. APPROACH ALTERNATIVES. 

a. Continuation of Present Approach. If no action is taken to develop TDWR, 
the only existing wind shear detection systems for the terminal area will be 
LLWAS and NEXRAD. Both of these systems have limitations that keep them from 
fully meeting the requirements for terminal area detection. The inability of the 
LLWAS to provide winds aloft data intrinsically limits detection to near-ground 
wind shear phenomena. The siting criteria and update rates for NEXRAD lead to 
poor terminal area coverage of wind shear. 

b. Enhance Current Systems. Algorithm enhancements at existing 6-station 
LLWAS sites and planned 11-station enhancements are designed to provide improve- 
ments in LLWAS performance. These enhancements will not meet the long-term 

P a r  7 Page 9 



requirements, as outlined in this SRS, for terminal area wind shear, wind-shift, 
and hazardous-weather coverage. 

c. Nontechnical/Noncapital Approaches. A wind shear training guideline 
development has been sponsored by the FAA to train pilots on how to recognize con- 
ditions conducive to hazardous wind shear and the proper actions to take when 
exposed to unexpected wind shear phenomena. This training does not eliminate the 
need for timely and accurate information on wind shear in the terminal area. 

d. Proposed TDWR Approach. The new procurement will be completed for a con- 
tractor-developed system. The algorithms will be Government furnished. 

(1) Anticipated areas of risk in this development include: 

(a) Development of a C-Band klystron tube may be a schedule risk. 

( b )  Automated detection of microbursts with a. probabilitly of detec- 
tion of 0.90 or greater and false alarm probability of 0.10 or less may be 
difficult to achieve. 

(2) Continued development efforts are required to determine the optimum 
threshold values for declaration of hazardous conditions and to define the 
operational methods for dissemination and use. 

(3) Establishment criteria is required for determining locations qualify- 
ing for installation of TDWR. 

Donald D. Engen I 
Administrator 
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APPENDIX 1. METEOROLOGICAL DEFINITIONS 

1812.9 
Appendix 1 

1. THUNDERSTORM. An a tmosphe r i c  phenomenon whose e x i s t e n c e  i s  de te rmined  s o l e l y  
by t h e  p r e s e n c e  o f  l i g h t n i n g  o r  t h e  sound o f  t hunde r .  I n  a d d i t i o n  t o  l i g h t n i n g ,  
t hunde r s to rms  may produce  t h e  f o l l o w i n g  h a z a r d s  t o  a v i a t i o n :  s t r o n g  u p d r a f t s  and 
downdra f t s ,  h a i l ,  t u r b u l e n c e ,  r e s t r i c t i o n s  t o  v i s i b i l i t y ,  m i c r o b u r s t s  (wet  and 
d r y ) ,  m a c r o b u r s t s ,  o u t f l o w s ,  downburs ts  ( r a i n  and wind t y p e s ) ,  g u s t  f r o n t s ,  wind 
s h i f t s ,  wind s h e a r ,  t o r n a d o e s  ( a n d  t h e i r  p a r e n t  mesocyclone) ,  and heavy r a i n .  
Thunderstorms c a n  b e  c l a s s i f i e d  s i n g l y  o r  c o l l e c t i v e l y  a s  a i r m a s s ,  h i g h  p l a i n s  
( h i g h  thunde r s to rm b a s e ) ,  s u p e r c e l l  ( a  l a r g e  s o l i t a r y  c e l l ,  o f t e n  t o r n a d o  bea r -  
i n g ) ,  s q u a l l  l i n e ,  o r  mesocale  c o n v e c t i v e  complex (MCC). 

2 .  MICROBURST. A s m a l l  s c a l e  (0.5 t o  1.5 nmi) downburst wind e v e n t  a s s o c i a t e d  
w i t h  t h u n d e r s t o r m s ,  c h a r a c t e r i z e d  by a  narrow downdraf t  c r e a t i n g  (when it  n e a r s  
t h e  ground) a n  o u t f l o w  s p r e a d i n g  h o r i z o n t a l l y  i n  a l l  d i r e c t i o n s  o r  i n  a  p r e f e r r e d  
d i r e c t i o n  depending  upon t h e  h o r i z o n t a l  t r a n s l a t i o n  of  t h e  downward-directed s h a f t  
of  a i r .  The l e a d i n g  edge o f  a  m i c r o b u r s t  o u t f l o w  i s  a  w ind- sh i f t  zone ( g u s t  
f r o n t )  hav ing  a  s m a l l  h o r i z o n t a l  r a d i u s  of c u r v a t u r e  i n  which t h e  boundary i s  
c l o s e d .  WET OR DRY MICROBURSTS a r e  d i s t i n g u i s h e d  by whether  r a i n f a l l  i s  observed  
a t  t h e  ground l e v e l .  

3 .  MACROBURST. Same a s  m i c r o b u r s t  excep t  t h e  h o r i z o n t a l  d i a m e t e r  of  t h e  major  
downdraft  i s  g r e a t e r  t h a n  2.5 nmi. 

4.  OUTFLOW (GROUND LEVEL). The p r i m a r i l y  h o r i z o n t a l  r u s h  of  a i r  n e a r  t h e  ground 
o r i g i n a t i n g  a s  a  t hunde r s to rm downdraf t  b u t  t u r n i n g  i n t o  t h e  h o r i z o n t a l  d i r e c t i o n  
a s  t h e  downdraf t  approaches  t h e  ground. Outf lows from a  m i c r o b u r s t  a r e  c o n f i n e d  
t o  a  s m a l l  a r e a  and have  a  c l o s e d  g u s t . f r o n t  ( c i r c l e  o r  e l i p s e ) ,  i n  c o n t r a s t  t o  
ou t f lows  from a  s q u a l l  l i n e  t h a t  c o v e r s  a  r e l a t i v e l y  l a r g e  a r e a  i n  which t h e  g u s t  
f r o n t  i s  a n  open s u r f a c e  d e s c r i b e d  by e i t h e r  a  n e a r l y  s t r a i g h t  l i n e  o r  a  c u r v e  
w i t h  a  l a r g e  h o r i z o n t a l  r a d i u s  o f  c u r v a t u r e .  Outf lows a r e  t y p i c a l l y  500 t o  
3,000 f e e t  i n  d e p t h .  (The re  i s  a l s o  a n  ove r f low a t  t h e  t o p  o f  a  mature  thunder-  
s to rm caused  by u p d r a f t s  and m a n i f e s t  by t h e  c i r r u s  a n v i l . )  

5. W I N D  SHIFT (AVIATION CONTEXT). A boundary ,  s t r a i g h t  o r  c u r v e d ,  r e p r e s e n t i n g  
a  t r a n s i t i o n  zone o f  a  s u s t a i n e d  change i n  t h e  h o r i z o n t a l  windspeed a n d / o r  d i r e c -  
t i o n ,  b u t  p r i m a r i l y  t h e  wind d i r e c t i o n .  When moving, t h e  u s u a l  c a s e ,  i t  o f t e n  
r e s u l t s  i n  t h e  need  t o  change a c t i v e  runways. The boundary u s u a l l y  s e p a r a t e s  
a i r m a s s e s  of  d i f f e r e n t  t empera tu re s .  Wind s h i f t s  a r e  a s s o c i a t e d  w i t h  thunde r s to rm 
g u s t  f r o n t s  (macrobur s t  and s t r a i g h t  w ind) ,  c o l d  f r o n t s ,  warm f r o n t s ,  and s e a  
b r e e z e  f r o n t s .  The t r a n s i t i o n  zone wid ths  v a r y  from 0.5 m i  ( g u s t  f r o n t s  and some 
c o l d  f r o n t s )  t o  t e n s  of  m i l e s  (warm f r o n t s  and some c o l d  f r o n t s ) .  A l l  wind s h i f t s  
a r e  c h a r a c t e r i z e d  by wind s h e a r .  

6 .  GUST FRONT. A moving wind- sh i f t  zone s e p a r a t i n g  ambient a i r  from a  thunder-  
s to rm ou t f low.  A s s o c i a t e d  w i t h  g u s t  f r o n t s  a r e  s t r o n g  u p d r a f t s  ahead of  t h e  
f r o n t ,  wind s h e a r  i n  t h e  f r o n t a l  (wind s h i f t )  z o n e ,  and s t r o n g  t u r b u l e n c e  i n  t h e  
f r o n t a l  zone and above t h e  o u t f l o w  d i r e c t l y  beh ind  t h e  f r o n t a l  zone.  The wind- 
s h i f t  zone a s s o c i a t e d  w i t h  a  g u s t  f r o n t  i s  t y p i c a l l y  0.5 m i  i n  width .  
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7 .  WIND SHEAR. Any change in the windspeed and/or direction between two points 
in the atmosphere. 

8. TURBULENCE (AVIATION CONTEXT) .  Very small scale undulations in the hori- 
zontal and vertical windflow that result in rapid oscillations in aircraft pitch, 
yaw, and/or altitude. SEVERE TURBULENCE occurs when the wind undulations have 
large amplitudes. 

9. DOWNBURST (RAIN) .  A narrow shaft of very heavy rain. 

10. DOIWNBURST ( W I N D ) .  A strong downdraft that induces an outburst of damaging 
winds on or near the ground. 
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